Drought is one of the most significant extreme event facing the world, affecting the society and the environment. Located in SE Romania, Dobrogea Region is characterized by a temperate climate with strong continental influences, being affected by drought episodes which cause significant damages and economic costs over extensive agricultural areas. 
INTRODUCTION
Drought is a complex, natural hazard with wide-ranging impacts to society and environment. According to the World Meteorological Organisation drought has two definitions: conceptual and operational. The conceptual definition is related to a period of deficient precipitation and it helps the drought policy makers. The operational drought is defined by comparing the actual situation to the historical mean. There are four categories of drought:
-meteorological drought defined as the degree of dryness and the duration of dry period; -agricultural drought is associated with decrease of precipitation, soil water deficit, increase of temperature, increase of evapotranspiration etc. It has a major impact on agriculture; -hydrological drought defined by low streamflow, low levels of reservoirs and lakes etc. as a result of decrease of precipiation. It is examined on a watershed level; -socioecomic drought start when the drought affect the quality of people lives (Monacelli et al., 2005) . According to Dai (2011) , the drought is a temporary dry period. It has at least 14 consecutive days in the cold season (December to March) and at least 10 consecutive days during the vegetation season (April to September), when the precipitation quantities are less than 0.1 mm/day or no precipitation are recorded at all (Bogdan, 1981) . All over the world, droughts varies from one case to another depending by intensity, duration and spatial coverage, but all types of drought originate from precipitation scarcity (Sivakumar et al., 2010) . The drought intensity is given by a several factors, such as: the active surface properties, the anthropic factors and the meteorological parameters (Sandu et al., 2010) . Among these factors, the most dynamic ones are the meteorological parameters: air and soil temperature, precipitation, evapotranspiration, soil moisture etc. (Constantin and Vătămanu, 2015) . To know the drought duration and intensity is very important for farmers in order to act for reducing the effects of the phenomenon (Stăncălie et al., 2012) . Droughts can be recorded throughout the year, but the most cases occur at the end of summer and at the beginning of autumn (Bălteanu and Șerban, 2005) . Scientific analysis from the last decades highlights the increase in the frequency of extreme events, such as the rapid change between heat wave generating severe drought (Bojariu et al., 2015; Mitrică et al., 2015; Trif and Mihai, 2014) . Satellite images provide temporally and spatially continuous data over the Earth and, thus, they are potentially better tools for monitoring vegetation conditions, agricultural drought and crop yield assessment than conventional meteorological data (Dalezios et al., 2017) .Various remote sensing-based drought indices have been developed during the past decades (Zhuo et al., 2016) .Vegetation indices, derived from remote sensing data, can be used to assess the extent and the impact of droughts. Spectral vegetation indices are the most commonly used satellite data products for the evaluation, monitoring, and measurement of vegetation cover, condition, biophysical processes, and changes. They have been used for over last decades in a broad variety of applications, including monitoring the effects of drought over local, national, and even multinational areas (Brown et al., 2008) . Vegetation structure is characterized by the position, orientation, size and shape of the vegetation elements (Ross, 1981) . The distribution of optical properties can be considered as part of the structure of the vegetation cover. The architecture of vegetation cover varies in time, from fractions of seconds and minutes (wind, water stress etc.) to seasonal (phenological evolution and environmental constraints) and years (ecosystem dynamics) (Weiss et al., 2004) . Vegetation indices can be used for drought monitoring and evaluation because of the accurate discrimination of vegetation, and correlations with biophysical parameters that determine the vegetation statement. Although none of the major indices is inherently superior to others in all circumstances, some indices are more suitable than others for certain uses, according to topography, weather, spatial scales or availability of other parameters (temperature, soil moisture, snow accumulation etc.) (Renza et al., 2010 
MATERIALS AND METHODS

Description of the test area
In Romania, the South-Eastern part (Dobrogea, Bărăgan and Southern Moldavian Plateau) is the most exposed to droughts (Bălteanu and Șerban, 2004; Bălteanu and Șerban, 2005) . The study area is located in the South-Eastern Romania, covering the Dobrogea Plateau, the Danube Meadow and the Danube Delta. The location and the landforms of Dobrogea are presented in Figure 1 . The average altitude in Dobrogea is about 70m, the highest altitudes (350-400m) being in the North-West part of the plateau and the lowest altitudes (10-40m) are located in the South-East (Popescu and Ielenicz, 2003; Posea et al., 2005) . Dobrogea is the warmest and sunny territory of the country. Dobrogea is located at the Eurasian anticyclones influence, the Black Sea influence and at the extremity of oceanic influences in Romania (Draghici, 1988; Posea et al., 2005) . The occurrence of drought is favoured by peculiar weather conditions: mean temperature above 11°C, precipitations less than 450 mm/year and high mean values of actual and potential evapotranspiration (The Climate of Romania, 2008) . The drought is the most widespread meteorological phenomenon (both in time and in space) for the Dobrogea climate (Ciulache and Torică, 2003; Posea et al., 2005) . Dobrogea is the representative region of Romania affected by global warming (Cuculeanu et al., 2002; Busuioc et al., 2010; Bandoc and Pravalie, 2015; Mitrica et al., 2015) . The area affected by drought is covering mainly the agriculture land and degraded soils (Chiper, 2015) . Dobrogea has an important agricultural potential in Romania, so the agricultural area is about 70% from the Dobrogea's territory (Figure 2 ). The drought occurred more frequently from 2000 (2000, 2001, 2003, 2007, 2009, 2012 and 2015) at national level (including Dobrogea Region).
Dataset description
The current study relies on remote sensing data: MODIS products, collection 5 and CORINE (Coordination of information on the environment) Land Cover (CLC) from 2012, version 18.5.1. The MODIS products are used as following:
-Surface Reflectance(MOD09A1 -level 3, 8-day composited products and 500 m spatial resolution (Vermote et al., 2011) ) have been used to compute the Normalized Difference Drought Index (NDDI)for drought analysis; -Fraction-of-Photosynthetically Active Radiation and Leaf Area Index (MOD15A2 -level 4, 8-day composited products and 1 km spatial resolution (Myneni et al., 2003) )have been used to extract the Fraction of Absorbed Photosynthetically Active Radiation (FAPAR), for drought analysis; -Land Surface Temperature (LST), level 3, daily products and 1 km spatial resolution (MOD11A1). LST is determined by the energy fluxes between the atmosphere and the ground (David J. et al., 2011) . Although the LST gives us an overview of the temperatures, there are differences from the data recorded at the weather stations. The differences are due to:
x the air temperature at which the temperature is recorded (2 m from the ground at the weather station and the first contact surface encountered by the satellite sensor: the vegetation canopies, the buildings roofs, the soil surface etc.); x the characteristics of the contact surfaces (rocks, asphalt, agricultural crops etc.); x the different hours of data recording by the satellite compared to the hour of measuring the maximum temperature at the weather stations (Dima et al., 2016) ; -Thermal Anomalies/Fire locations -MCD14DL, level 2, daily products and 1 km spatial resolution (Giglio, 2015 The NDDI has a stronger response to summer drought condition than a simple difference between NDVI and NDWI (Gu et al., 2007; Renza et al., 2010) . For the current study, the NDDI was computed from the surface reflectance -MOD09A1 products:
( 1) where:
where: ρNIR (846-885 nm) is the band 2, ρRed (600-680 nm) represents the band 1 and ρSWIR (2105-2155 nm) is the band 7. The FAPAR is generally defined as the fraction of Photosynthetically Active Radiation (PAR) absorbed by vegetation, where PAR is the solar radiation reaching the vegetation in the wavelength region 0.4-0.7μm (Gower et al., 1999) . The FAPAR plays a critical role in the energy balance of ecosystems and in the estimation of 1 https://firms.modaps.eosdis.nasa.gov/download/ the carbon balance over a range of temporal and spatial resolutions (GTOS, 2008) . FAPAR can also be used in different agro-models to derive the accumulated biomass during a certain time period (Baret et al., 2005; Poenaru et al., 2017 
RESULTS
Drought analysis
The types of drought (moderate, severe, extreme) were computed annually for land cover / land use classes, for both NDDI and FAPAR. The NDDI thres hold values, greater than 0.5, mark the types of the drought as presented in Table 1 . The NDDI values were used to identify the types of drought and the areas affected for 2000-2015 period. Thus, the severe and extreme droughts are covering almost the entire region. The most affected is Central Dobrogea, while the less affected areas are located in the South-West and North, where the forests are dominant (Figure 3) . The main land cover / use classes analysed are agricultural and forest. The NDDI analysis indicates that agricultural areas are affected by drought by 33% compared to forest and seminatural areas (0.61%), due to physiogeographical features, for the 2000-2015 time period. The severe drought (30%) occupies the largest area, followed by moderate (15%) and extreme (11%) droughts, for the agriculture. The forest areas are almost no affected by drought (Figure 4 ). The analysis of same common spatial drought distribution (based on NDDI data) highlights that the Central Dobrogea is the most affected area and the severe drought is predominant there ( Figure 5 ). , 2001 , , 2002 , , 2006 , , 2008 , , 2011 , and 2014 less than 30% of agricultural and forest areas are affected by droughts ( Figure 6 ). The FAPAR threshold values, less than 0.7, mark the types of the drought as presented in Table 2 . The mean FAPAR values render the presence of the severe drought over almost the entire study area, the extreme drought is insignificant and the moderate drought is around forests (Figure 7 ). Regarding the FAPAR analysis on main land cover/use classes, the agricultural lands are affected by drought by 57% and forest and semi-natural areas by 9%. The severe drought affects 90% of the agricultural land, while forests are affected by moderate (39%) and strong (36%) drought (Figure 8 ). The analysis of same common distribution of drought types, based on FAPAR data, highlights the Northern and Western Dobrogea as the most affected area and the predominant severe drought (Figure 9 ). 
Fires analysis
The fire analysis (number, confidence etc.) have been computed based on the MCD14DL and MOD11A1 data (daily products with a spatial resolution of 1 km). The fire events are correlated with the extreme drought from the NDDI and with the LST. The vegetation fires in Romania are most often due to agricultural activities (burning of harvested lands, cleaning of orchards), but they can occur due to natural (lightning) and anthropic causes. Fires in forest areas cause significant damages compared to those in agricultural areas.1571 fires (with at least 80% confidence) occurred during the 2001-2015 period. 30% of fires are overlaid on severe drought, 17% overlap with extreme drought and 11% overlap with moderate drought, according to NDDI data ( Figure 11 ). The vegetation fires reported to the land cover / use classes point out the large number of fires present in agricultural land (88%), followed by wetland (7%), the forested areas (3%) and 2% occurred in other classes (Figure 12 ). Analysing the fires occurrence on months over the years it is noted that the most areas affected by fires were in August (859) and July (582). Also, the highest number of fires occurred between 2005 (142) and 2008 (440) as presented in Table 4 . Regarding the spatial distribution, the fires occur in the Danube Delta at the beginning of the analysed interval (22 th of March to 29 th of August). The reed is burnt during the spring season in order to allow it to grow optimally thus it can be harnessed later. The burning has positive effects for the reed growing; otherwise this could damage the plants quality.
To highlight the confidence of fires by every month, the two elements were overlapped. For example, in the Danube Delta, in the first few months the confidence of the fires is medium or high, which is justifiable, because in the spring, the locals burn the reed. Also in South Dobrogea, where fires occur mostly in August, most burned areas have a medium confidence ( Figure 13 ). The areas with medium and high confidence overlap the extreme drought obtained from NDDI data, confirm the correlation (Figure 14) . Vegetation fires can be caused by very high temperatures during the hot days or lightning during the thunderstorms. LST based on satellite imagery gives us an overview of the temperatures at the level of the analysed region.
As example, 13 fires pixels were found on the image from 24.07.2007 at 10:30 UTC, from which 7 with a confidence over 90%.The Danube Delta and the forest from the North of Dobrogea have lower temperature than the rest of region (Figure 15 ). [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] , allowed to identified the drought years (2000, 2001, 2003, 2007, 2009 2012, 2015) as well as areas intensely affected annually. The NDDI and FAPAR analyses (based on MODIS products) highlighted the spatial and temporary evolution and spatial distribution of the types of the drought (moderate, severe, extreme).
CONCLUSIONS
The most values of the NDDI are between -1 and +1, but there are also extreme values that are beyond the general threshold, generating less conclusive statistical analyzes. According to NDDI multiannual mean values, the Central Dobrogea is the most exposed to drought. Comparing to NDDI, the FAPAR involves an increase of drought level for the agricultural areas. The agricultural areas are more affected than the forests, in both cases of NDDI and FAPAR. Most of fire events take place in agricultural land, especially in August, July and March. Also, the years with the most fires are 2008 and 2007. The vegetation fires events (medium confidence) occur especially in areas with extreme drought resulted from NDDI index. Comparing the multiannual results of NDDI and FAPAR the following remarks are drawn, at the study region level:
-FAPAR data overestimates the areas affected by severe drought; -FAPAR data underestimates the areas affected by the extreme drought; -FAPAR data overestimate moderate and severe drought in forested areas; -FAPAR data overestimate the severe drought in agricultural areas (90%); -the South-Western part of Dobrogea seems to be more affected by drought in case of FAPAR. LST is a useful indicator for vegetation and drought monitoring, as soil temperature raising that can negatively affect the vegetation, leading to crop compromising, or the occurrence of vegetation fires. The future activities will be focused on analysis of satellite-based vegetation indices, correlation with in-situ data, correlation with drought indices and modelled data.
